Kinetic mechanism, rapid kinetics, spectral intermediates
We describe anaerobic stopped-flow monitored interactions of D-/?-chloroalanine with D-amino acid oxidase and show that the kinetics of absorbance changes at 550 nm due to enzyme-bound intermediates can not be correlated with steady state turnover behavior unless it is assumed that only a small fraction of the enzyme directly participates in the a-ß elimination process.
WALSH et al. 1 recently showed that D-amino acid oxidase is capable of catalyzing a -ß elimination of HCl from D-/?-chloroalanine as well as oxidative deamination. We have also been studying the behavior of this substrate and we wish to briefly point out one aspect of our findings, namely the difficulties we have had in attempting to correlate the steady state turnover behavior of the reaction with stopped-flow monitored kinetics of enzyme-bound intermediates at 550 nm. with steady state turnover data. We have measured the maximum turnover number by three indepen-dent methods. Firstly, under anaerobic conditions, when a -ß elimination is occurring exclusively, the rate of pyruvate formation was measured by NADH disappearance by coupling with lactate dehydrogenase. Secondly, also anaerobically, pyruvate formation was monitored through the weak n-> JI* carbonyl transition at 322 nm. Thirdly, since the elimination and oxidative deamination pathways have the same maximum turnover number 1 the turnover rate was measured by oxygen electrode techniques. In all three cases the maximum turnover number was found to be between 3 and 4 s -1 at 25 and pH 8.3. Furthermore, when a-deuterated /3-chloroalanine was used the kinetic isotope effect on the maximum turnover number was found to be approximately 2-fold by all three methods of measurement.
If we now compare these turnover results with the stopped-flow behavior shown in Figs. 2 a and 2 b we find that there is no correspondence between the two sets of results. The formation of phase I (Fig. 1 a) shows an isotope effect of 3-fold, but the rate of this process is far too great at saturating substrate to be assigned as the rate-limiting process in turnover. The formation of phase III (Fig. 2 b) is too slow to be an obligatory step in turnover and, moreover, no isotope effect is observed on this process. Furthermore, the fact that phase III represents the accumulation of an enzyme-bound intermediate implies that there is a yet slower process following the formation of III. Taken separately and together, these comparisons show that none of the processes observed at 550 nm in the stopped-flow experiments (Fig. 1) can be assigned to events in the a -ß elimination pathway in a straightforward manner.
We believe that the simplest solution to this dilemma is to assume that for some reason, as yet unknown, a very large fraction of the enzyme-bound intermediates shortly after the first turnover is diverted to non-productive species which exist as side-products in equilibrium with the intermediates lying directly on the a -ß elimination pathway. If this were so the turnover number corresponding to the small fraction of the enzyme actually involved in catalysis of a -ß elimination would be much greater than the experimentally determined turnover number and it would become possible to include phase I (and possibly II) as a component of the elimination pathway. However, in view of the significantly larger kinetic isotope effect which is observed for phase I, compared to that for turnover, it would be necessary to postulate an additional first order process (which is not the formation of phase III) which is partially rate-limiting in both the oxidative and elimination pathways.
